Abstract Understanding and predicting species range-expansions and biological invasions is an important challenge in modern ecology because of rapidly changing environments. Recent studies have revealed that consistent within-species variation in behavior (i.e. animal personality) can be imperative for dispersal success, a key stage in the invasion process. Here we investigate the composition and correlation of two important personality traits associated with invasion success, activity and boldness, and how they are connected to sex and individual size in a newly colonised population of the Chinese mitten crab Eriocheir sinensis in Lake Vänern, Sweden. We found no effect of sex or size on behavioral expressions of E. sinensis but a clear positive correlation between boldness and activity. In addition, this study generates important baseline data for monitoring behavioral development, and thereby changing ecological impact, of an invading population over time. This has implications for predicting ecological effects of invasive species as well as for managing ecological invasions [Current Zoology 60 (3): 410-416, 2014].
In many species, crustaceans for example (Reaney and Blackwell, 2007; Briffa et al., 2008) , individuals exhibit relatively stable, consistent differences in behavior across multiple contexts (e.g. in how they feed, cope with predators, interact with conspecifics or disperse) (Sih et al., 2004) .These consistent individual differences in behavior are often referred to as animal personality traits. Animal personality is a recent conceptual development in the study of animal behavior (aka temperament, behavioral type and behavioral syndrome; Dall et al., 2004; Sih et al., 2004; Bell 2006; Reale et al., 2007; Sih and Bell 2008) . Both empirical and theoretical studies suggest that personality traits can have important ecological and evolutionary implications (Dingemanse and Wolf, 2010; Luttbeg and Sih, 2010; Stamps and Groothuis, 2010; Sih et al., 2012 and refs therein) . For example, it has been shown that bold and asocial individuals of the invasive mosquitofish Gambusia affinis are more prone to disperse far and through that potentially lead the invasion of new areas (Cote et al., 2010a) . It has also become evident that individual personality often is a crucial determinant for important fitness correlates, such as growth, reproduction and survival (Smith and Blumstein, 2008) .
There are several reasons how personality differentiation between populations can arise. Either as a result of stochastic evolutionary processes (e.g. drift or founder effect) or as a result of natural selection favoring optimal trait combinations . For example, Bell (2005) suggested that predators might shape personality in sticklebacks, generating population differences depending on level of predator pressure. This was later confirmed both experimentally (Bell and Sih, 2007) and in a field-study by Dingemanse et al. (2007) .
Another plausible mechanism behind creating personality differences between populations, at least early in the population history, is personality dependent dispersal. Several studies in different systems have shown that individuals exhibit personality dependent dispersal; e.g. where boldness, sociability or aggressiveness is associated with dispersal tendency (Fraser et al., 2001; Dingemanse et al., 2003; Cote and Clobert, 2007; Duckworth and Badyaev, 2007; Cote et al., 2010a; Cote et al., 2011) . While personality-dependent dispersal has been demonstrated in only a few species, it has been sug-gested as a widespread phenomenon with important ecological consequences (McCauley et al., 2010; Cote et al., 2010b) .
While studies on individual variation are becoming common, we are still lacking studies of personality trait changes within recently established populations, like invasions. Since personality traits are important for individual performance Smith and Blumstein, 2008) , a change in personality trait expressions within a population should result in a corresponding change in ecological effects by that population on the environment. It is therefore crucial to gather more information of what personality trait combinations individuals that are likely to disperse and colonize new patches express, but even more so to monitor those within population trait combinations over time. This would allow for building a predictive framework of ecological consequence-scenarios at different behavioral starting-points of newly invaded areas.
In this study we explore a pair of personality traits (boldness and activity) of a very recently established population of the invasive Chinese mitten crab (Eriocheir sinensis, H. Milne Edwards, 1854) in Lake Vänern, Sweden originating from the self-sustainable Elbe River population (Czerniejewski et al., 2012) . The catadromous Chinese mitten crab (hereafter called CMC) is well known for its spectacular invasion success around the world. In the early 20th century the CMC was observed in the North German River Aller (Panning and Peters, 1932; Lönnberg, 1932) , for the first time outside of its native spawning areas in China (Hymanson et al., 1999; Veldhuizen et al., 1999) . This long distance dispersal to establish outside its natural distribution was thought to be mediated by "hitch-hiking" of larval or juvenile CMC in the ballast water of freight ships. It has since then been documented that human mediated transport constitutes an important role in the spread of the CMC (Herborg et al., 2007a, b) . However, new areas with established CMC populations served then as new sources for the extended invasions in Europe. Today, almost a century later, the CMC is reported from the North Sea along most of Europe's coastal region to the southern Atlantic coast including Great Britain and Ireland and in the Mediterranean Sea to Turkey (Lönnberg, 1932; Hanström, 1937; Kamps, 1937; Peters, 1938; Hoeslandt, 1948; Cabral and Costa, 1999; Herborg et al., 2003; Herborg et al., 2005; Ojaveer et al., 2007) . The juvenile crabs live within estuaries for months prior to an upstream migration to brackish or freshwater. Juveniles have been documented to perform migrations up to 15 km per day in the Havel river system in Germany. Correspondingly adult specimens, who can live for years maturing in freshwater, have been documented for similar downstream migration rates in late autumn (Panning, 1938) .
Upon a successful invasion and breeding event the juveniles are assumed to be the key for secondary spread into new areas (Gilbert et al., 2008) . However, little is known about how adult and juvenile crabs behave after arriving to, or becoming established in, new areas. Particularly if the CMC has utilised ballast water tanks as an invasion vector to a new catchment i.e. coastal connected freshwater lakes. The few studies that have been undertaken with regard to dispersal or migration of the CMC are mainly within estuaries (Panning 1938; Jin et al., 2001; Rudnick et al., 2000; Rudnick et al., 2005 ; however see Drotz et al., 2012) . This recent colonisation of Lake Vänern, Europe's third largest freshwater lake, offers a suitable venue for studying ecological consequences of behavioral change of an invasive population since only a few Chinese mitten crabs had been reported prior to 2004 (Drotz et al., 2010 . Hence, the increased catch of Chinese mitten crab starting 2007 provides a rare opportunity to study the initial phase of a biological invasion and its behavioral succession as time goes by. We choose to study two traits associated with invasion success, boldness and activity (Duckworth and Badyaev, 2007; Cote et al., 2010b; Cote et al., 2011) . Boldness is a personality trait that has been shown to affect predation risk and dispersal propensity (Dugatkin, 1992; Fraser et al., 2001 ) and can be broadly defined as a willingness to accept a higher degree of risk in return for potentially greater returns while foraging or mating (Ward et al., 2004) . Bold individuals are characterized by more risk-prone behaviors such as being quicker to emerge from shelter in a novel environment (Cote et al., 2010a) . Activity is here defined as an individual's propensity to actively move (mobility) in a novel environment (Cote et al., 2010a) and is an important determinant for survival in the presence of predators as well as for foraging and ultimately growth (Brodin and Johansson 2002; Brodin and Johansson, 2004) .
The aim of this study is twofold; first to document the distributions and individual variation of boldness and activity and the correlation between them in a recent successful colonized population of a known invasive pest, the Chinese mitten crab. Second, we aim to investigate the role of sex and size for said behaviors as well as for their correlation. Based on current know-ledge of animal personality in general and on studies of other crustaceans we predict that activity and boldness will be positively correlated but unaffected by sex and size.
Material and Methods
All adult CMC used in this study (n = 30) were collected during late September and October 2009 using six large stationary fish trap nets, with pot sizes of 10 to 15 m 3 connected to leader arms of several hundred meters in length, near the inlet to the harbour of Lidköping, Sweden. In accordance with Czerniejewski and Wawrzyniak (2006) , collected male CMC were slightly larger than females (carapace length ± SE and width ± SE: 6.95 ± 0.14 and 6.47 ± 0.13 vs. 6.81 ± 0.18 and 6.39 ± 0.15 respectively) and sex-ratio was even (50/50).
Behavioral assays
All assays and animal husbandry was conducted at the aquatic laboratory facility at Lake Vänern Museum of Natural and Cultural History, Sweden. Light-regime (12h/12h) and temperature (20°C) was held constant for the experimental period, both during assays and in animal holding tanks. All CMC were allowed 4 weeks of acclimatization time to adjust to laboratory conditions and to ensure that all individuals foraged before behavioral assays started. When not assayed the CMC was kept three and three in large holding tanks (length = 200 cm, width = 60 cm, height = 60 cm) containing aged well-water and fed ad libitum with a mix of peas and shrimp daily.
Boldness and activity levels were assessed by recording these behaviors individually in a novel environment (Yoshida et al., 2005; Brown et al., 2007) : a tank (length = 125 cm, width = 50 cm, height = 55 cm), filled with 40 cm of well-water.
To estimate boldness and activity a single CMC was gently added to a "starting cave" (width = 35 cm, length = 30 cm), made of stone with a rectangular opening (diameter = 20 cm) facing towards the centre of the tank. Initially the opening was covered by a removable lid, but 10 min after introducing the CMC to the cave; we remotely removed the lid of the refuge chamber, allowing CMC access to the experimental arena while digital cameras recorded behavior. Trials ended either 10 min after CMC left the refuge, or was terminated after 6 hours. Boldness was estimated as the maximum time allowed for CMC to exit the refuge (360 min) minus the actual latency to exit from refuge; shorter latency to exit indicates higher boldness. While some have suggested that latency to emerge in a novel environment should be termed exploratory behavior and not boldness (Reale et al., 2007) , we follow several earlier papers (Yoshida et al., 2005; Brown et al., 2007; Cote et al., 2010a) in our assessment that a short latency to emerge alone from a dark refuge into an open, novel environment represents risk-taking (i.e. boldness). Activity was estimated as the number of movements (> 5 cm) during 10 min following an individual exiting the refuge. This means that if and individual would not leave the starting cave we could not monitor activity and hence was excluded from the analyses.
Size
After the behavioral experiments were finished each crab was sexed and the carapace length (CL) and width (CW) measured to the nearest 0.5 mm using a calliper as described by Czerniejewski et al. (2003) .
Statistical analysis
The personality variables boldness and activity did not meet the assumption of a normal distribution and were therefore analysed using the nonparametric KruskalWallis test. Spearman rank correlation was used to estimate behavioral correlations because our variables did not meet the assumptions of normality. Statistical tests were done in SPSS 20.
Results
Male CMC were on average larger and seemed to be bolder and more active than females (Table 1 ). However, when tested statistically this average difference in size and behavior proved not to be significant (all P > 0.40), all in accordance with earlier predictions.
Interestingly, bolder individuals were more active than shy individuals. This correlation between boldness and activity were confirmed by a Spearman Correlation test (n = 30, P = 0.012, corr. coefficient = -0.516). However, when analysing males and females separately Lower boldness value indicates a faster exit from shelter and consequently bolder behavior (s = seconds). Higher activity score indicates higher activity (# = no. of moves).
the correlation only stays significant in the males (n = 15, P = 0.042, corr. coefficient = -0.493) whereas there is no significant correlation in females (n = 15, P = 0.15, corr. coefficient = -0.551).
Discussion
In this study, we examined the influence of sex and size on two personality traits (boldness and activity) associated with invasion success in the newly founded population Chinese mitten crab in Lake Vänern. In addition, we examine if / how these traits form so called behavioral syndromes. Behavioral syndromes are said to be present when behaviors are correlated across multiple functional behavioral categories or contexts (Sih et al., 2004) . This suggests the existence of an acrosscontext conflict that occurs if, for example, activity is positively correlated across situations, such as with and without predators. Individuals that are highly active in the absence of predators (resulting in high grow rates) might be inappropriately active in the presence of predators (resulting in high predation rates). To be able to understand the full structure of animal personality, how different behavioral axes are correlated and how the structure unfolds over the course of individual and/or population development is a major challenge in ecology.
As predicted, we found no significant effect of sex or size on the expression of boldness and activity in this newly founded population of Chinese mitten crab. As so, our results are in line with earlier studies of personality traits in crustaceans. For example, Briffa et al. (2008) found no difference between boldness of males and females in the hermit crab Pagurus bernhardus and no correlation between weight and boldness. However, many studies of non-crustacean species have shown that size and/or sex may play an important role in determining the expression of individual personality traits (Brown et al., 2005; Schuett and Dall, 2009; Cote et al., 2010a; Harris et al., 2010) . One explanation for the size-effects found in earlier studies could be that size often correlates with body condition and may therefore affect behavioral traits connected to foraging, such as boldness, aggression and activity Mikolajewski et al., 2004; Short and Petren, 2008 ). An individual in good condition might be less motivated to take risks or engage in aggressive encounters to find food than an individual of worse condition. Since all CMC used in this study were of similar size and well fed (standardized condition), it is unlikely that differences in motivation was of importance here. Another factor worth considering when studying betweensex comparison of personality traits connected to migratory behavior (e.g. bolder individuals migrating earlier) is if male and female migratory peaks are temporally separated, especially if the sampling only includes parts of the migration period. If there is sex-specific temporal displacement of migration in the CMC in lake Vänern, with males migrate earlier than females, the higher boldness in males found here could be the result of bolder males initiating migration earlier rather than a potential difference between males and females. However, during 2009 not a single CMC was caught or reported at or near the only outlet of Lake Vänern indicating no, or very limited, migration. If males migrate earlier than females in this population are too early to say and seem unlikely since the sex-ratio of caught crabs were 50/50 and no temporal pattern was seen. In addition, a recent study shows that females can initiate migration earlier than male CMC in some populations (Czerniejewski and Wawrzyniak, 2006) .
We show that behavioral expressions of boldness and activity are correlated. Bolder individuals are more active than shy individuals but the correlation is only significant for males. This correlation is not surprising and in parallel with earlier findings in several other species, for example Cote et al. (2010a) showed that bolder individuals of the invasive mosquitofish Gambusia affinis also were more active. Interestingly, studies of behavioral correlations in wild populations have so far given ambiguous results with correlations being present in some populations and absent in others , Brodin et al., 2013 . Predation has been suggested as a major force creating this variation between populations and recent studies have confirmed the role of predation (Bell 2005; Bell and Sih 2007; Dingemanse et al., 2007) . Predation could also be the reason for the presence of a behavioral correlation in our study-population. Individuals with the wrong trait-combinations could be selected against already in their natal habitat, before entering Lake Vänern or they could have experienced predator-induced selection in Lake Vänern or both. In addition, both high activity and boldness have been suggested important for invasion success as they for example increase feeding and dispersal. Hence, the correlation between activity and boldness found here could be an important indication for that this trait-combination is important for invasion success in Lake Vänern. This, however, is just a qualified speculation based on current knowledge of the mechanisms behind behavioral correlations. We suggest that the lack of significant behavioral correlation in female CMC could be a result of low sample size (15 individuals). The overall sample size was fairly low in our study (30 individuals), something that makes subtle differences, especially in traits with considerable variation, hard to detect statistically. Admittedly we also lack information regarding how and at what life-stage the CMC arrived to Lake Vänern. However, such information is not necessarily crucial when studying invasive spread after initial introduction. Because the entire dispersal process; departure from the native patch, movement between patches and settlement in a new patch (Clobert et al., 2009) , must be completed for a successful dispersal event to occur. These three different stages might each require different trait sets for success, which means that it is not the departing individuals that are important, but instead the individuals that manage to settle and reproduce in a new patch and thereby complete all three stages. The traits of these founding individuals, whether they arrived unassisted of not, will be important for the subsequent, success, spread and ecological effects of the invasion. Here we present such data on key behavioral traits of the founding individuals of a new invasion, traits that are important for the forthcoming invasion process independent of how these individuals arrived in Lake Vänern.
The lack of behavioral characteristics of individuals founding recently (1-2 years) colonized populations are striking and could be a result of the problem of finding enough individuals in those low-density sites. This lack of key information of founding individuals is problematic, e.g. when trying to explain differences in subsequent invasion success and resulting ecological consequences. However, this is the nature of studying recently established populations, they contain few individuals and as a consequence sample-sizes are low. Yet, here we have clearly demonstrated a behavioral correlation between activity and boldness in a newly colonized population of the Chinese mitten crab. Future studies of this CMC-population and other newly founded populations will generate important information regarding the importance of animal personality for invasion success.
